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Description 

[0001] The invention relates to tlie use of an active 
agent, paiticulariy an inhibitor, of matrix-metalloproteas- 
es expression. IVIore specificly, this invention reiates to s 
the use of such agents in connection with the treatment 
of cancer, especially cancer invasion. 
[0002] As is Icnown, the degradation of the extracellu- 
lar matrix is a very complex process and it is part of m any 
pathological and physiological processes. Thereby, the io 
proteolytic degradation of the extracellular matrix plays 
a crucial role In cancer Invasion as also in non-neopias- 
tic tissue remodelling processes. The invasive pheno- 
type of cancer critically depends on the activity and ex- 
pression of several proteases. The role of the matrix- 15 
metalioprotease enzymes in this tumor cell-mediated 
extracellular matrix proteolysis is well established. One 
of these matrix-metalloproteases is the IVIR 92,000 type 
IV collagenase (MMP-9). MMP-Q degradates the base- 
ment membrane, a structure that is largely composed 20 
of type IV collagen and which normally separates the 
epithelial from the stromal compartment (1, 2). Many 
growth factors induce expression of MMP-9 and other 
proteases by binding to transmembrane tyrosine recep- 
tors which in turn activatesignai tmnsduction pathways ss 
(3, 4). However, some ceil lines pwdMpe large amounts 
of proteases even in the abseric^ bf such growth factors, 
suggesting a constitutive activation of signaling cas- 
cades as one underlying mechanism (5). In fact, consti- 
tutive activation of signal transduction pathways has so 
been described for renal cell carcinomas, leukemia's as 
well as numerous other cancers. In connection with 
these constitutive activation of signal transduction path- 
ways reference Is made to the publications of H. OI<a et 
al. and to S.C. Kim et al. (6, 7). 35 
[0003] It is well known by those who are skilled in the 
art that the stress- and mitogen-activated protein kinas- 
es (SAPK and MARK) play a central role in signaling 
pathways. There are three major subfamilies including 
p38/RK, JNK/SAPK, and p42/p44 MAPK's/ERK's. in 40 
general ERK's are stimulated by mitogens and differen- 
tiative factors, while JNK and p38 are activated by en- 
vironmental stress such as ultraviolet light, osmotic 
stress but also inflammatory cytokines. All three sub- 
families regulate apoptosis, ERK's are negative but 45 
JNK's and p38's are positive regulators (8). So far four 
human isofoms of p38 have been cloned: pSBalpha (9), 
pSBbeta (10), pSBgamma (11), which also has been 
temned SAPK3 or ERK6 and pSBdelta (12), also ternied 
SAPK4. The alpha- and beta-isofonns are predominant- so 
ly involved in mediating proinflammatory signals to the 
nucleus and regulate apoptosis (B). pSBgamma has 
been implicated to play a role In muscle development 
and response to hypoxic stress (13, 14). pSBalpha and 
-beta are widely distributed in human tissues, their ex- ss 
pression was found to be most abundant in brain and 
heart (10). SAPK3 is predominantly present In skeletal 
muscle (15, 16). Little is known about the function of 



SAPK4. High levels of expression were found in sali- 
vary, pituitary and adrenal gland tissue (12). 
[0004] Important upstream regulators of p38 isoforms 
include the protein kinases MKK6 and iVIKKS. 
[0005] Findings and investigations up to now con- 
cerning the involvement of matrix-metalloproteases in 
cancer invasion and metastasis have focused on the 
functions of the various matrix-metalloproteases en- 
zyme domains and their interactions with inhibitor do- 
mains. For instance it is known that the proteolytic ac- 
tivity of the matrix-metalloproteases involved in extra- 
cellular matrix degradation must be precisely regulated 
by their endogenous protein inhibitors, the tissue inhib- 
itors of metaiioproteases (TIMPs). These tissue inhibi- 
tors of metaiioproteases play also an important role in 
matrix degradation by tumor cells. The activity of TilVIP 
and MMP was analysed in several carcinomas, for in- 
stance in renal ceil can:inoma as also in gastric cancer. 
In connection with these studies reference is made to 
the publications of A. Kugler and G.I. Murray et al. (1 7, 
18). These tissue inhibitors of metaiioproteases are a 
family of secreted proteins that play a crucial role in the 
regulation of the activity of the secreted metaiioproteas- 
es. Up to now three of them are characterized (TIMP1 , 
TIMP2 and JIMPS), Thiey influence the activation of the 
prometallbproteases and act to modulate proteolysis of 
extracellular matrix, notably during tissue remodelling 
and inflammatory processes. A characterization of 
these tissue inhibitors of matrix-metalloproteases, ap- 
pears in the publication of D.T. Denhardt et al. (19). 
There are also synthetic matrix-metalloproteases inhib- 
itors like marimastat (BB-2516), a butanediamid-deriv- 
ative with the iCgo value in the micromolar range. C. Si- 
mon et al. (20) demonstrated that the enhanced IVIMP- 
9 secretion and in-vitro invasiveness in a human squa- 
mous cell carcinoma cell line (UIVI-SCC-1) after treat- 
ment with phorbol myristate acetate (PIVIA), a known tu- 
mor promoter widely used in the study of skin carcino- 
genesis (reviewed in (21)), could be inhibited by using 
the general p38 inhibitor S!3 203580. 
[0006] It has now surprisingly been found thatthe con- 
stitutive activity of the p38 as also the MKK6 and/or 
IVIKKS pathway plays a coicial role in the high-level ex- 
pression of MMP-9 in cancer cells. As a result of these 
unexpected findings, the use of active agents which are 
targeted/directed against downstream regulators of 
MMP-9 expression for the treatment of cancer, especial- 
ly cancer invasion is made possible. 
[0007] Thus, the problem of the invention of making 
available active agents for the treatment of cancer, is 
solved by the use according to claims 1 and 2. Prefered 
embodiments are given in the dependent claim 3 to 1 7. 
The content of ail these claims is hereby incorporated 
into the description by reference. 
[0008] According to the invention, at least one active 
agent is used for Influencing, partlculary inhibiting the 
expression of matrix-metalloproteases in eukaryotic 
cells for the treatment of cancer. This in particular also 
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covers the use of such active agent for producing a cor- 
responding medicament or a corresponding phara- 
maceutical composition . According to the p resent i nven- 
tion, the active agent can optionally be used in the form 
of Its pharmaceutlcally acceptable salts and optionally 
together with a phannaceutically acceptable can-ier. 
[0009] The active agents used according to the 
present invention are those which preferably influence, 
partlculary inhibit the above-mentioned matrlx-metallo- 
proteases Involved with cancer, preferably cancer inva- 
sion. According to the invention one prefered matrix- 
metalloprotease involved in cancer invasion Is the ma- 
trix-metalloprotease 9. 

[0010] In one prefered embodiment of this invention 
the active agent used is preferably targeted against at 
least one member of matrlx-metalloprotease signal 
transduction pathways, particularly against one mem- 
ber of the MMP-9 signal transduction pathway. One 
prefered member of this MNyiP-9 signal transduction 
pathway is the so-called p38 protein family. In the use 
according to this invention one of these p38 proteins is 
the p38beta protein, another prefered member accord- 
ing to the use of the present invention Is the pSBgamma 
(SAPK3 or PRK6) protein. Another prefered target for 
the active agent according to the Invention is the mi- 
togen-activated kinase kinase family. Two prefered 
members of this mitogen-actlvated kinase kinase family 
are the mitogen-activated kinase kinase 6 (MKK6) and 
the mitogen-actlvated kinase kinase 3 (MKK3). In the 
use according to the invention one member of tlie MMP- 
9 signal transduction pathway can be targetied alone by 
the active agent, but there can also be a random com- 
bination of two or three or even more different members 
of the MMP-9 signal transduction pathway which are tar- 
geted by the active agent. 

[0011] In another prefered embodiment it is optionally 
also possible that an activator, regulator and/or a bio- 
logical precursor of the matrix-metalloprotease signal 
transduction pathway, preferably of the MMP-9 signal 
transduction pathway, is targeted and/or influenced by 
the active agent. These activators, regulators and/or bi- 
ological precursors may be e.g kinases which are known 
to be Involved in the regulation of the enzymatic activity 
of proteases, transcriptional factors which are respon- 
sible for the expression level of proteases, proteases 
which are responsible for the activation of prometallo- 
proteases or tissue inhibitors, or even up to date un- 
known compounds which can be influenced by the ac- 
tive agent. 

[0012] According to the Invention It Is possible to use 
known or also novel active agents. In one prefered em- 
bodiment of the invention the active agent is a com- 
pound with specific inhibitory capacity against at least 
one member of the matrix-metalloprotease signal trans- 
duction pathway, preferably against the MMP-9 signal 
transduction pathway. This active agent Is preferably a 
comparably small molecule of low molecular weight 
(MW), especially with a MW < 1000. It is further pre- 



ferred, if such active agent is an imidazole derivative. 
Such imidazole derivatives, like SB 203580 (MW 377,4) 
or SB 202190 (MW 331,3) which are both obtainable 
from Calbiochem, San Diego, Ca, USA, are known to 

3 be potent inhibitors of kinase expression. In another 
prefered embodiment of this invention, the active agent 
Is an inhibitor of p38 proteins. This can be a known or 
also a further novel inhibitor of p38 proteins. In another 
prefered embodiment of this invention, the active agent 

10 is an inhibitor of the mitogen-activated kinase kinase 
family. This inhibitor can be a peptide inhibitor of the mi- 
togen-activated kinase kinase family like the kinase 
dead mutants constructed with standard molecular biol- 
ogy techniques as used in this description or also a nov- 

is el inhibitor compound. Several inhibitors are known and 
one can find a few of them in the publications of Y. Fu- 
kami et al., J.C. Lee et al., and D. Fabbro et al. (22-24). 
[0013] In another prefered embodiment according to 
the present Invention the active agent is an inhibitor of 

20 activators, regulators and/or biological precursors of the 
matrix-metalloprotease signal transduction pathway, 
which might be kinase inhibitors, transcription factors in- 
hibitors, tissue inhibitors, proteases inhibitors and other 
known or novel inhibitors of the matrix-metalloprotease 

25 signal transduction pathway. 

[0014] In another prefered embodiment according to 
the invention the active agent is a polynucleotide which 
encodes a peptide or a polypeptide that inhibits the ex- 
pression of matrix-metalloproteases, preferably inhibits 

30 p38 and/or mitogen-activated kinase kinase activity. 
This peptide can be e.g. a pSB kinase deficient mutants, 
a mitogen-activated kinase kinase dead mutant and oth- 
er peptides known to those who are skilled In the art. 
[0015] The invention can be used for treatment of all 

35 kinds of cancer, expeclaliy cancerwith a overexpression 
of matrix-metalloproteases and therefore with a high in- 
vasiveness and metastasis of this cancer. A overexpres- 
sion of MMP-9 was reported in squamous epithelial car- 
cinomas of the head, neck,'skin and stomach as also In 

40 fibrosarcomas of the stomach. An increased MMP-9 lev- 
el was also found in the semm of patients with colon-, 
breast- and hepatocellular carcinomas. Therefore, 
among the treatable illnesses particular reference is 
made to the above noted cancers. As is generally known 

45 metastatic disease (but also often invasive tumor growth 
itself) limits the survival of cancer patients. The reasons 
of the constitutive activation of signal transduction path- 
ways in cancer are up to now unknown. It might result 
from mutations of growth factor receptor genes such as 

50 gene amplifications or autocrine loops, i.e. expression 
of llgand and receptor in the same tissue. The above 
mentioned cancers are good targets forthe active agent 
according to invention as cancer Invasion is a vexing 
problem in these cancers. 

55 [0016] According to the invention it is possible to se- 
lect the administration fonn of the active agent. This 
form can be adapted to the age, sex or other character- 
istics of the patient, the severity of the cancer and other 
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parameters. Conventional pharmaceutical carriers, dilu- 
ents or conventional additives can be present. 
[0017] The dosage can be freely selected as a func- 
tion of theclinical picture andthe condition of the patient. 
[0018] The invention finally comprises a phamiaceu- s 
tical composition or a medicament for the treatment of 
cancer, which contains at least one active agent for in- 
fluencing, particulary inhibiting the expression of matrix- 
metalloproteases in eukaryotic cells. Relating to the in- 
dividual features of such composition or medicament, 
reference is made to the corresponding description text 
above. 

[0019] The described features and further features of 
the invention can be gathered from the follovi'ing de- 
scription of prefered embodiments in conjunction with 
the subclaims. The individual features can be imple- 
mented separately or In the form of subcombinations. 

MATERIALS AND METHODS 

[0020] Tissue Culture and Materials. UM-SCC-1 cells 
(known to a skilled person and obtainable from Dr. Tho- 
mas Carey, University of Michigan, Ann Arbor, Ml), 
Hlac82 (known to a skilled person and obtainable from 
Dr. Hans Peter Zenner, University of TQblngen, Gemna- 
ny) and NIH 3T3 cells . (majritajnecl by nearly every cell 
biology laboratory and alsd obtainable from Dr. Hans. 
Peter Zenner, see above), were maintained In McCoy's 
5A culture medium supplemented with 1 0% fetal bovine 
serum (FBS, GIbco Life Technologies, Karlsruhe, Ger- 
many). For the collection of conditioned medium for zy- 
mography and Westem blotting, 80% confluent 
UM-SCC-1 , Hla82 and NIH 3T3 cells respectively were 
incubated In semm-free medium (McCoy's 5A medium, 
components known to a skilled person and available 
from GIbco Life Technologies, Karlsruhe, Germany) for 
48 hours, when indicated with or without SB 203580 
(Calbiochem, San Diego, CA) or carrier (DM SO) added 
at the same time. In the following "serum-free medium" 
will also be abbreviated as "SFM". The culture medium 
was collected and proliferation detennined after incu- 
bating cells in 0.2-mg/ml MTT-vital stain and reading al- 
iquots of DMSO dissolved fonnazan crystals by spec- 
trophotometry at 570 nm. Growth curves were con- 
structed as described (25) using various amounts of SB 
203580 added at the same time after allowing 1 2 hours 
for cell attachment. 

[0021] Zymography. Zymography was perfomied ex- 
actly as described (20, 25) using SDS-PAGE gel con- 
taining 0.1% (wt/vol) gelatin to assay for MMP-9. MMP- 
dependent proteolyses was detected as white zones in 
a dark field. 

[0022] Westem Blotting. For the detection of MMP-9 
in conditioned medium, medium from equal numbers of 
cells was denatured in the absence of reducing agent, 
proteins resolved by SDS-PAGE and then transferred 
to a nitrocellulose filter. The filter was blocked with 3% 
BSA and incubated with a mouse monoclonal antibody 



to matrix metalloprotease (#IM37L Oncogene Research 
Products, Calbiochem, Cambridge, MA). Subsequently, 
the blot was incubated with horse radish peroxldase- 
conjugated anti-rabbit IgG and immunoreactive bands 
visualized by ECL (Enhanced Chemlluminescence), a 
commercially available Immunoblottlng detecting sys- 
tem as described by the manufacturer (Amersham Life 
Science, Arlington Heights, IL). p3Bal-pha and SAPK3 
protein was detected using monoclonal antibodies 
equally recognizing phospho- and dephospho-p3B (sc- 
535-G and sc-6023, Santa Cruz, Santa Cruz, CA). Brief- 
ly cells were extracted In RIPA-buffer containing PMSF 
(100mg/ml) and sodium orthovanadate (1 mM). 
SDS-PAGE was used to resolve proteins extracted un- 
der denaturing conditions. The filter was blocked with 
3% BSA and subsequently incubated with the primary 
antibody over night. To visualize immunoreactive bands 
the ECL-system was again used. 
[0023] In-gel Kinase Assay for p38alpha activity and 
SAPK3 activity assay. Kinase assays for p38alpha ac- 
tivity were. perfomied as described (20). Briefly, cells 
were extracted with buffer A [1% NP40 (octylphenoxy 
poiyethoxy ethanol), 25 mM TrIs-HCI (pH 7.4), 25 mM 
NaCI, 1 mM sodium vanadate, 10 mM NaF, 10 nM so- 
dium pyrophosphate^, 10 nM okadalc acid, 0.5 mM EG- 
TA, and 1 niM phenylmethylsulfonyl fluoride]. Extracted 
protein was incubated with 2 jLig of the anti-p38aipha an- 
tibody Immunoreactive with human and mouse 
p38alpha (sc-535-G, Santa Cruz, Santa Cruz, CA) and 
Protein-A agarose beads (2 mg) for immunopreciplta- 
tion. The beads were washed with buffer A and resus- 
pended in 2X sample buffer, and the immune complexes 
were electrophoresed In a polyacrylamlde gel contain- 
ing myelin basic protein. The gel was treated sequen- 
tially with buffers containing 20% 2-propanol, 5 mM 
2-mercaptoethanol, 6 M guanidine HCI and 0.04% 
Tween 40-5 mM 2-mercaptoethanol. The gel was then 
incubated at 25°C for 1 h with 1 0 \iM ATP and 25 |xCI of 
p2p]ATP in a buffer containing 2 mM dithiothreitol-0.1 
mM EGTA-5 mM MgClg, washed in a solution containing 
5% trichloroacetic acid and 1% sodium pyrophosphate, 
dried, and autoradiographed. For SAPK3 activity cells 
were extracted In a buffer A, extracted protein Incubated 
with 2 |xg of the anti-SAPK3-antibody Immunoreactive 
with human and mouse SAPK3 (06-603, Upstate Bio- 
technology, Lake Placid, NY, USA) and protein G agar- 
ose beads. Beads were washed In buffer A and kinase 
buffer (SOmM HEPES, 0.1 mM EDTA, 0.0001% BriJ35, 
0.0001% p-mercaptoethanol, 150mM NaCL, Olmg/ml 
bovine serum albumin) and subjected to kinase reaction 
with 1 |xg ATF2 (sc-4007, Santa Cruz, Santa Cruz, CA, 
USA) as the substrate in 40 |il of reaction buffer (kinase 
buffer, 0.3mM ATP, 0.4M MgClg) at 30»Cfor30 min. The 
reaction was temilnated by adding 2X reducing sample 
buffer and heating to 1 00"*C for 5 min. The beads were 
removed by centrlfugatlon. The supernatant was sub- 
jected to imunoblotting as described above with an anti- 
phospho-ATF2-antibody Immunoreactive bands were 
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visualized using the ECL-system. 
[0024] In Vitro invasion assays. Invasion assays were 
perfonnecl as described (20, 25) using filters with 8 urn 
pore size coated with 1/3 diluted MatrigeKS/SFM (Bec- 
ton Dickinson, Bedford, MA). Cells were plated out in s 
SFM containing SB 203580 or DMSO, the carrier of SB 
203580, at similar concentrations. For experiments uti- 
lizing a mouse monoclonal h/IMP-9 Antibody (#IIVI09L, 
Oncogene Research Products, Cambridge, MA) (0.5, 1 , 
and 1 0 p.g/ml) cells were either plated out in SFM plus 
antibody of SFM plus similar amounts of preimmune se- 
rum. The amount of invasion was detennined on the ba- 
sis of the MTT activity on the lower side of the filter as 
a percentage of the total activity in the chamber 
[0025] Transient transfections with subsequent 
CAT-ELiSA. Transient transfections were carried out 
using Lipofectamin ® (GIBCO, Life Technologies, Karl- 
sruhe, Gemnany) for transient transfection as described 
by the manufacturer. UM-SGC-1 and NIH 3T3 cells were 
co-transfected at 70% confluence with a CAT reporter 
construct containing 670 bp of the MMP9 wild-type pro- 
moter Including the transcriptional start site or the pro- 
moterless CAT construct (SVq) (3|ig) along with a 
pCDNA3-MKK-6 or -MKK-3 constitutive active mutant 
(0.03-3iJ.g) as described (26), or dominant negative 
p38alpha, beta, SAPK3, SAPK4 or MKK-6 mutants with 
a one- or twofold molar excess to the promoter construct 
(kindly provided by Dr J. Han, Scripps Research insti- 
tute, La Jolla, CA). The transfected DNA-amount was 
equalized in each sample using mock control vector - 
(pCDI^AS). CAT ELISA, measuring CAT protein expres- 
sion, was performed according to the manufacturer (Ro- 
che Diagnostics, Mannheim, Gennany). 
[0026] In the drawings It is shown: 

Figure 1 : Influence of SB 203580 on MMP-9 expres- 
sion (A), in-vitro invasion (B) and growth (C) of 
UM-SCC-1 cells. 

Figure 2: Requirement of MMP-9 secretion for in- 
vitro invasion in different cell lines (A), expression 
of MMP-9 in different cell lines (B) and percentage 
of in-vitro invasion after incubation with anti-MMP- 
9 antibody (C). 

Figure 3: Influencing of MMP-9 promoter activity af- 
ter treatment with dominant negative p38 Isofomi 
proteins (A), and the expression of pSBalpha and 
p3Bgamma in two different cell lines (B-E). 

Figure 4: Expression of MMP-9 in two different cell 
lines (A), influencing of MMP-9 promoter activity af- 
ter treatment with a kinase deficient MKK6 (B) and 
constitutive active MKK6 and MKK3 (C) mutants. 

Experiment 1 

[0027] UM-SCC-1 cells were plated out in McCoy's 5A 



culture medium supplemented with 1 0 % fetal bovine 
semm (FBS, Gibco Life Technologies, Karlsruhe, Ger- 
many) and replenished the following day with serum- 
free medium containing SB 203580 (10(iM, Calbio- 
chem, San Diego, CA) or carrier (dlmethyisu If oxide DM- 
SO, 0.01 %). After 48 hours, the condition medium was 
harvested and proliferation rates were assayed with 
3-(4,5-dimethylthiazol-2-yl)-2,5-dlphenyltetrazolium 
bromide (MTT), Aliquots of condition medium, nomial- 
ized for proliferation differences, were subjected to im- 
munoblotting using a monoclonal anti-MMP-9 antibody. 
Subsequently, the blot was incubated with horse radish 
peroxidase-oonjugated anti-rabbit IgG and immunore- 
active bands visualized by ECL as described by the 
manufacturer (Amersham, Arlington Heights, IL). A re- 
duction of protein expression of 70 % was noted accord- 
ing to densitomBtric measurement. The data are typical 
of triplicate experiments. 

[0028] The results of experiment 1 are represented in 
Figure 1. 

[0029] Figure 1 A shows that the squamous cell carci- 
noma cell line UM-SCC-1 which constitutively produces 
large amounts of MMP-9 and displays an in-vitro and in- 
vivo invasive phenotype is influenced by treatment with 
the imidazol derivative SB 203580. SB 203580 reduced 
MMP-9 protein expression by approximately 70% at 
concentrations of 10p.M, as evidenced by immunoblot- 
ting analysis. 

[0030] In Figure 1 B, UM-SCC-1 cells were plated out 
on filters precoated with Matrigel® in serum-free medi- 
um and incubated with various amounts of SB 203580 
for 60 hours to assay for in-vitro invasion. The concen- 
tration of the carrier (DMSO) was maintained at 0.1%. 
Invasion is expressed as the percentage of cells invad- 
ing through the Matrigel®. Invasion upon treatment with 
varying concentrations of SB 203580 is expressed as 
average percentage +/- S.E. and represents 3 dishes in 
each group. The data are typical of.,tripUcato oKperl- 
ments. Figure 1B shows that there is a dose dependent 
rsduction of in-vitro invasion by 43 +/- 9% and 69 +/- 8% 
using concentrations of 5|j.M and 10|j,M, respectively. 
[0031] Figure 1C shows that the exposure of 
UM-SCC-1 cells to 5\lM and 10|j.M of the p38 Inhibitor 
for up to 5 days does not affect cell growth excluding 
antlmitogenic effects of the compound to be responsible 
for the inhibitory effect on in-vitro invasion. p38 isoforms 
differ with respect to their sensitivity towards SB 
203580. The reported IC50 is 0.1 \M for p38alpha but 
5-10 1J.M for p3Bbeta. p3Bgamma and pSBdelta are not 
inhibited by the imidazol derivative (27). Hence, the con- 
centration of SB 203580 required to reduce MMP-9 ex- 
pression and in-vitro invasion of UM-SCC-1 ceils closely 
matches the IC50 of pSBbeta. In this experiment the cells 
were grown in culture medium containing 10% FBS for 
5 days with various amounts of SB 203580. Number of 
viable cells was detennined with 0.2 mg/mi MTT-vitai 
stain and consecutive reading of DMSO-dissolved for- 
mazan crystals by spectrophotometry at 570 nm on the 
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indicated days. The data points are typical of triplicate 
experiments. 

[0032] Thus, experiment 1 and the associated Figure 
1 show that the p38 SAPK Inhibitor SB 203580 reduces 
high-level expression of IVIMP-g and in-vitro invasion of s 
UM-SCC-1 cells without having any effect on cell 
growth. 

Experiment 2 . 

10 

[0033] In this experiment different cell lines were plat- 
ed out on filters precoated with Matrigel® in serum-free 
medium and incubated, invasion is expressed as the av- 
erage percentage -f/- S.E. and represents 3 dishes In 
each group. The data are typical of triplicate expert- 1S 
ments. 

[0034] To address the question If MMP-9 might be re- 
quired for in-vitro invasion of UM-SCC-1 cells, first ex- 
pression levels of three different cell lines (UM-SCC-i , 
NIH3T3, Hlac82) were correlated with their in-vitro inva- so 
sive behavior. Figure 2A shows that the amount of the 
MMP-9 in the conditioned medium closely paralleled the 
invasiveness of the cell lines. While UM-SCC-1 cells . 
produce the most protease and exhibit the most Invasive 
phenolype, NIH3T3 cells, whic^^d any de- 2s 

tectable MMP-9, were by far less invasive on Matrigel® 
coated filters. Interestinglyi there was no correlation be- 
tween MMP-2 secretion and invasiveness of the tested 
Qell lines. This might be due to the requirement of the 
presence of distict membrane type matrix-metallopro- 30 
teases (MT-MMP's) for the activation of MMP-2 (21), 
which may not be expressed on NIH3T3 cells. 
[0035] According to Figure 2B, the different cell lines 
were changed to serum-free medium and cultured for 
48 hours. Condition medium was harvested and cell 35 
numbers were detennined using MTT. Aliquots of con- 
ditioned medium corrected for differences in cell num- 
bers were assayed for MMP-9 activity by zymography 
as described (20, 25) and as is known by those sl<llled 
in the art. The data are typical of triplicate experiments. 40 
Only the cell line that expresses the highest amount of 
MMP-9 shows a clear band in zymography. 
[0036] To finally demonstrate the requirement for 
MMP-9 activity for the in-vitro invasive phenotype of 
UM-SCC-1 cells, in Figure 2C UM-SCC-1 cells were 45 
plated out on filters precoated with Matrigel® in serum- 
free medium and incubated with various amounts of an 
anti-MMP-9 antibody (0.5, 1, 10p.g/ml) or equivalent 
amounts of preimmun serum provided by the manufac- 
turerfor 60 hours. Invasion is expressed as the percent- so 
age of cells invading through Matrigel®. Invasion upon 
treatment with varying concentrations of the antibody 
recognizing the active and latent fomi of MMP-9 or pre- 
immune serum provided by the manufacturer is ex- 
pressed as average percentage +/- S.E. and represents ss 
3 dishes in each group. The data are typical of triplicate 
experiments. Figure 2C shows that there Is a dose de- 
pendent reduction of in-vitro invasion with increasing 



concentrations of the antibody. 
[0037] Thus, experiment 2 and the associated Figure 
2 show that there Is a requirement for MMP-9 secretion 
into the conditioned medium of UM-SCC-1 cells for in- 
vitro invasion of the cell line. Therefore It can be con- 
cluded, that SB 203580 inhibits in-vltro invasion of 
UM-SCC-1 cells by reducing MMP-9 expression via a 
p3B signaling pathway. 

Experiment 3 

[0038] As MMP-9 expression is almost exclusively 
regulated at the promoter level (28, 29), and to further 
characterize the role of different p38 isofomris in the re- 
gualtion of MMP-9 expression, UM-SCC-1 cells were 
transiently transfected using Lipofectamin® (Gibco Life 
Technologies, Karlsruhe, Germany) as described by the 
manufacturer and a chloramphenicol acetyl transferase 
(CAT) reporter driven by the wild type MMP-9 promoter 
or the promoterless CAT construct (SVq) and the indi- 
cated amount (where 2 is a twofold molar excess of the 
effector plasmid relative to the reporter construct) of an 
expression vector including a dominant negativ 
p38alpha, pSSbeta, p38gamma and pSBdelta or the 
empty vector (pCDNA3). Differences In transfected 
DNA-amount were normalized with empty vector Cell 
extracts, normalized for differences In protein amount, 
were assayed for CAT expression using CAT-ELISA ac- 
cording to the manufacturer (Roche Diagnostics, Man- 
nheim, Gemiany). Data are expressed as average per- 
cent oT control +/- S.E. and represent 2 dishes in each 
group, perfonned in 3 seperate experiments. The Itlnase 
deficient mutants were created by substituting the thre- 
onine by alanine and the tyrosine by phenylalanine in 
the typical TGY sequence of the p38 kinases and all re- 
sultant cDNA's cloned into the mammalian expression 
vector pCDNAS by standard molecular biology tech- 
niques as known by those skilled in the art. 
[0039] According to Figure 3A, a SB 203580 sensitive 
isofomn mutant, pSBbeta, was found to repress the ac- 
tivity of the MMP-9 promoter driven CAT reporter by 62 
+/- 20% at a twofold molar excess, while, quite in con- 
trast, the p38alpha mutant only reduced MMP-9 promot- 
er activity by 21 +/- 20%. The p38delta mutant inhibited 
the MMP-9 promoter by 55 +/- 9%. Transfectlon with the 
p38gamma mutant viri:ually silenced the MMP-9 pro- 
moter, i. e. promoter activity was repressed by 99.9 +/- 
0.5%. No significant CAT expression was noted upon 
transfectlon of the promoteriess CAT construct. 
[0040] Figure 3A shows that pSBgamma besides 
pSSbeta and pSBdelta, but not pSBalpha, dominant neg- 
ative expression constructs reduce MMP-9 promoter 
activity. This experiment further supports the involve- 
ment of p38beta ratherthan p38alpha in the constitutive 
activation of the MMP-9 promoter and in addition, they 
strongly suggest a role for pSBdelta and most important- 
ly p38gamma in the constitutive activation of the MMP- 
9 promoter. 



[0041] In Figure 3B-E UM-SCC-1 and NIH3T3 cells 
were maintained in culture medium containing 10% 
FBS. Protein extracts (equal protein) and in-gel kinase 
assay were prepared as indicated above and subjected 
to either Immunoblotting using a polyclonal anti- s 
p38alpha- or SAPK3- antibody (B) and (D), or In-gel ki- 
nase assay using MBP as a substrate (C), or immunoki- 
nase reaction using recombinant ATF2 as a substrate 
(E). The data are typical of triplicate experiments. By 
these experiments It was excluded that the modest re- 10 
ductlon of MMP-9 promoter activity obsen/ed after Inhi- 
bition of p38alpha by a kinases deficient mutant could 
also be due to missing expression and/or activity of the 
kinase. For this, UM-SCC-1 cells and NIH3T3 cells 
(negative control) were assayed for activity and expres- 15 
sion of pSSalpha. Expression and activity of p38gamma 
was also anylyzed by immunopreclpitatlon with a poly- 
clonal SAPK3-antibody and subsequent kinase reaction 
in a similar experiment. 

[0042] As can be gathered from Figure 3 B-E pres- 20 
ence of both proteins, p38alpha and p38gamma, was 
noted in both cell lines (Figure 38 and C). However, en- 
zyme activity of both p38 isoforms was found to be high 
in UM-SCC-1 cells as opposed to undetectable in 
NIH3T3 cells. Hence, pSSalpha and pSSgamma are 
present and constltutlvely active In UM-SCC-1 cells. 

Experiment 4 

- [0043] Here UM-SCC-1 and NIH3T3 cells were 30 
changed to serum-free medium and cultured for 48 . 
hours. Condition medium was harvested and cell nuni- 
bers were detennined using MTT. Allquots of condi- 
tioned medium corrected for differences In cell number 
were assayed for MMP-9 activity by zymography. The 3S 
data are'typical of triplicate experiments. 
[0044] Figure 4A shows that UM-SCC-1 cells, but not 
NIH3T3 cells, express the matrlx-metalloprotease 9 
(MMP-9). 

[004S] As MKK6 protein kinase broadly activates p38 4o 
Isofomris (in contrast to MKK3, which acts as rather spe- 
cific activator of the pSSalpha and SAPK4/p38delta Iso- 
forms) (26, 30), and In order to determine the role of 
MKK6 In the regulation of I^MP-9, in Figure 4B 
UM-SCC-1 cells were transiently transfected using a 45 
CAT reporter driven by the wild type MiVlP-9 promoter 
or promoteriess CAT construct (SVq) and the indicated 
amount (where 2 is a twofold molar excess of the effec- 
tor plasmid relative to the reporter construct) of an ex- 
pression vector encoding a kinase dead MKK6 mutant, so 
The kinase dead phenotype was created by substituting 
serine''^'' and threonine'' with alanine according to the 
above noted publication (26). A strong reduction of 
MMP-9 promoter activity by 99 +/- 0.5% was observed. 
These data demonstrate that a MKK6 kinase deficient ss 
mutant represses MMP-9 promoter activity in UM-SCC- 
1 cells and that MKK6 is an upstream regulator of MMP- 
9, which likely signals through p38 isoforms. 



[0046] In order to further characterize the role of 
MKK6 in the regulation of the l\/lMP-9 promoter, the ef- 
fect of constitutive activation of MKK6 kinase was ex- 
amined. In Figure 40 NIH3T3 cells were transiently 
transfected using a CAT reporter driven by the wild type 
MMP-9 promoter or the promoteriess CAT construct 
(SVq) and the Indicated amount (where 2 Is a twofold 
molar excces of the effector plasmid relative to the re- 
porter construct) of an expression vector encoding a 
constltutlvely activated MKK6 and MKK3 protein or the 
empty vector. Differences In transfected DNA-amount 
were normalized with empty vector. Cell extracts, nor- 
malized for differences In protein amount, were assayed 
for CAT expression using CAT-ELISA. Data are ex- 
pressed as average percent of control +/-S.E. and rep- 
resent 2 dishes in each group, performed in 3 seperate 
experiments. The constitutive activation of MKK6 was 
achieved by substituting serinei^i and threoninei^s by 
glutamic acid according to the publication of J, Hahn et 
al (26). To avoid interfering activation of the promoterby 
endogenous stimulators, NIH3T3 cells, which do not ex- 
press endogenous MMP-9 (Figure 4A) were utilized. A 
five fold activation of the MMP-9 promoter was noted 
after co-transfection with a CAT reporter and the MKK6 
mutant at a one fold molar excess. The same experi- 
ment was repeated with a similarly created MKK3 mu- 
tant. At a similar molar excess, only a 2.8 fold induction 
of the promoter was observed. 
[0047] Figure 4C demonstrates that there is a rather 
unspecific activation of all p38 Isoforms (Including 
pSBgaimma) by MKK6, while MKK3 more narrowly tar- 
gets pSSalpha and pSBdelta. These results support the 
role for pSBgamma In the regulation of MMP-9. 
[0048] All these results clearly demonstrate that ac- 
cording to the present Invention cancer, preferjably Inva- 
siveness of cancer metastasis will be positively influ- 
enced by adnriiinislratloil of an active agent which influ- 
ences, particularly Inhibits downstream regulators of the 
MMP-9 slgnaltransductlon pathway. 
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Claims 

1. Use of an active agent for influencing, particularly 
inhibiting the expression of matrix-metalloproteas- 
es in eukaryotic cells, for the preparation of a med- 
icament or a pharmaceutical composition for the 
treatment of cancer. 



2. Method for the treatment of cancer, characterized 
in that eukaryotic cells are treated by an adive 
agent which Influences, particularly inhibits the ex- 
pression of matrlx-metalloproteases. 

3. Use or method according to claim 1 or 2, charac- 
terized in that said matrix-metalloprotease is the 
matrix-metalloprotease-9 (IWMP-9). 

4. Use or method according to one of the preceding 
claims, characterized in that said active agent is 
targeted against at least one member of the matrix- 
metalloprotease signal transduction pathw/ay. 

5. Use or method according to claim 4, characterized 
In that said member is a member of the p38 protein 
family. 

6. Use or method according to claim 5, characterized 
in that said p3B protein is the pSBbeta protein. 

7. Use or method according to claim 5, characterized 
in that said p3B protein is the pSBgamma (SAPK3 
or ERK6) protein. 

8. Use or method according to claim 4, characterized 
in that said member is a member of the mitogen- 

activated kinase kinase family. 



9. Use or method according to claim 8, characterized 
in that said mitogen-activated kinase kinase is the 
mitogen-activated kinase kinase 6 (IVIKK6) or the 
mitogen-activated kinase kinase 3 (l\/IKK3). 

5 

10. Use or method according to one of the preceding 
claims, characterized in that said active agent is 
targeted against activators, regulators and/or bio- 
logical precursors of the matrix-metalloprotease 

10 signal transduction pathway. 

11. Use or method according to one of the preceding 
claims, characterized in that said active agent is 
a small molecular compound, preferably a small 

15 molecular compound with a molecular weight (MW) 
< 1000. 

12. Use or method according to claim 11, character- 
ized in that the small molecular compound is an 

20 imidazole derivative, wherein preferably said imida- 
zole derivative is SB 203580 or SB 202190. 

13. Use or method according to one of the preceding 
claims, characterized in that said active agent is 

25 a polynucleotide encoding a peptide, preferably a 
polypeptide, which influences, preferably inhibits 
the expression of matrix-metalloproteases. 

14. Use or method according to one of the preceding 
30 claims, characterized in that said cancer is of the 

. invasive phenotype. 

is. Use or method according to one of the preceding 
claims, characterized In that said cancer Is; 

35 

a) a squamous epithelial carcinomay preferably 
a squamous epithelial carcinoma of the head, 
neck, skin «r stomach, or 

b) a colon-, breast- or hepatocellular carcino- 
40 ma, br 

c) a fibrosarcoma of the stomach. 

16. Pharmaceutical composition, comprising a compat- 
ible quantity of at least one active agent, wherein 
45 said active agent is influencing, preferably inhibiting 
the expression of matrix-metalloproteases in eu- 
karyotic cells, and optionally further comprising a 
phannaceutically acceptable carrier. 

so 17. Pharmaceutical composition according to claim 16, 
further characterized by an active agent as defined 
in one of the claims 4 to 1 3. 
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